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| 20 Claims.
Thls invention relates to electric motors and

- particularly to electric motors of small and

medium size for use where it is desired to control
accurately the rotation of a member to be driven
by the motor.

One of the principal objects of the invention
is to provide an electric motor adapted to be
driven by separate electric impuises and so con-
- structed that each impulse causes the motor to

- turn a predetermined amount. If the total
number of impulses is controlled, the position to

which the motor turns will be determined, and it
may be used in statistical machinery, automatic
switching gear of various types, remote control
or signaling apparatus, and in many types of de-
vices requiring intermittent movements. If the

rate of the impulses is controlled, the speed of -

the motor will be determined, and it may be used

- In operating parts in synchronism with each

other or in devices requiring different rates of

movement, such as in feeding work in a machine
or tools to a work plece.

Anothrer object of the invention is to provide
an electric impulse motor having a substantially:

closed magnetic circuit, so that its efliciency will
be high, and having a multiplicity of pole pieces,

so that the torque generated by the motor will

be high -and so that the motor will be capable of
relatively accurate angular movements.

Another object of the invention is to provide
an electric impulse motor that has few parts and
that is simple. and economical to manufacture.

Another object of the invention is to provide
an electric impulse motor having a minimum of
moving parts and no reciprocating members, so
that it will operate smoothly and relably and
without noise or excessive wear.

Other objects and advantages of the invention
will be apparent from the following description
and the accompanying drawings, in which

Fig. 1 is a longitudinal sectional view of one
of the preferred forms of tfie invention, the sec-
tion being taken on the line I—1 of ¥Fig.: 2, look-
ing in the direction of the arrows;

Fig. 2 i1s a cross section on the line 2—2 of
Fig. 1, looking in the direction of the arrows;

Fig. 3 is a cross section on the line 3—3 of

Fig. 1, looking in the direction of the arrows:
Fig. 4 is a longitudinal sectional view similar

to Fig. 1 but showing another form of the in-

vention:;

Pig. 5 is a partial cross section simLar to Fig.
2. but showing a third form of the invention:
Fig. 6 is a longitudinal sectional view similadr

to Fig. 1, but showing a fourth form of the in-
vention:

Fig. 7 Is a cross section on the line T—1 of
Fig. 6, looking in the direction of the arrows;

Fig. 8 is a cross section on the line 8-—8 of
Fig. 6, looking in the direction of the arrows:

Fig. 9 is a longitudinal sectional view similar

- to PFig. 1, but showing a fifth form of the in-
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- vention;

¥Fig. 10 is a cross section on the line (0—I10 of
ig. 9, looking in the direction of the arrows:;

Fig. 11 is a cross section on the line f{—11{ of
Fig. 9, looking in the direction of the arrows;

Fig. 12 i8 a perspective view of a portion of the
form of the invention shown in Fig. 9;

Pig. 13 is a perspective view of another portion

~ of the form of invention shown in Fig. 9;

Fig. 14 is a diagram of an electric circuit which
may be used with any of the forms of the in-

20 vention shown in Figs. 1 to 13; and

Fig. 15 is a diagram of another electric circuit
which may be used with any of the forms of the
invention shown in ¥Figs. 1 to 13.

The particular form of the invention shown in
Figs. 1 to 3 comprises a palr of similar stator
members, 18 and (1, provided with electric wind-

‘ings or coils 12 and 13 and functioning as field

magnets. The stator member 10 comprises a cup-
like outer pole portion 10a and a central stem or
inner pole portion 10b. The outer pole portion

" or rim of the stator member {8 is formed with

40
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four Inwardly projecting poles i18c, and the end

of the inner pole portion or stem 100 of the stator
member is formed with four outwardly project-

ing poles 14d, the poles 8¢ and 18d on the inner

and outer pole portions 18a and. 18b of the fleld

member being directly opposite each other, as
shown in Fig. 2.

Each of the outer poles i8¢ is formed with a
central slot through which passes a heavy short- -
circuited turn of copper wire {4, which encircles
one-half of the pole 18c. Similarly, each of the
inner poles 18d is formed with a slot through
which passes a heavy short-circuited turn of
copper wire 13 which encircles one-half of the
pole 18d. The poles 10c ang 8d are thus “shad-
ed” so that when an electric current starts to
flow through the fleld coil {2 and the field mag-
net (0 is magnetized, the magnetic flux will, at
first, pass from one pole {0c¢ to the other pole
180d through those portions of the poles which
are not encircled by the shading coils 4 and

15. However, as the current continues to flow
through the field coil 12, the lines of magnetic

flux will distribute themselves evenly over the




faces of the poles 18c and (8d. Later, when
the current ceases to flow in the fleld coil §2,
and the lines of magnetic flux die out, they
will die out first between those portiong of the
‘poles 18c and 18d which are not encircled by
the shading coils 14 and 5. The purpose of
this is explained below.

The fleld magnets or stator members !!0 and

I have been shown and described as if each
were formed of a single plece of metal, but it
will, of course, be understood that each member
19 and {1 may be built up of several pieces or.,
preferably, of many laminations, like the lami-
nations used in the magnetic portions of many
- types of electrical equipment, and that these
pleces or laminations are to be made of suitable

magnetizable material, such ag silicon steel.

The two fleld magnets 18 and {1 are secured
together by a ring or frame member 18 formed
~of non-magnetic material, such as bronze or a
non-magnetic steel, and the frame member i$
Is fixed to a base 7 adapted to rest upon a hori-
zontal surface and form a support for the motor.

The central portions 16b and 11b of the stator
members are formed with longitudinal bores

-through which a rotor shaft 18 extends, and bear.

ings 28 are provided to support the ghaft. At
the center of the motor, the shaft {8 supports
& rotor disc {8 which is keyed to it and which
has a plurality of armature pieces 22 and 23
secured to its sides. The armature pieces 22 on
one side sare located 50 as to project between the
poles [8c and 10d of one fleld wnagnet i0, and
there are as many such pieces 22 as there are
- palrs of poles 18c and 10d on the field magnet.
The armature pieces 23 on the other side of
the rotor disc {8 similarly project between the
poles {ic and {id of the other field magnet i,
as is clearly shown in Fig. 3. |

The two fleld magnets 18 and ! and the arma-
ture pieces 22 and 23 on the rotor are arranged
so that, when the armature pieces 23 on one
side of the rotor disc 18 lie directly belween
the poles ffc and lid of their field magnet i1,
as shown in Fig. 3, the armature pleces 22 on
the other side of the rotor disc 18 will lie di-
rectly between the gaps between the outer poles
10c and the gaps between the inner poles §9d
of the other field magnet 18. This arrangement
may be provided either by having the armature
pieces 28 on one side of the rotor disc 18 angu-
larly offset from the armature pieces 22 on the
other side, or by having one field magnet angu-
larly offset from the other; the latter arrange-
ment is the one used in the particular motor
shown In the drawings.

The rotor disc I8 and 'the armﬁture pieces 22

and 28 may be made of a single plece of ‘mag-
netizable meterial, such as soft iron. but for some

disc 18 of non-magnetic materia] and to make
- each of the armature pileces 22 and 23 of some

- Strongly magnetizable metal, such as “Alnico
and to magnetize the armature pieces so that
their radially inner faces have one polarity and
their radially outer faces have the opposite po-
larity. . -

The motor shown in Figs. 1 to 3 and described
above is incomplete without a suitable operating
circuit. One such circuit is shown in Fig. 14,
this circuit being extremely simple and serving
Chiefly as an illustration of the type of circuit
necessary. ‘Thig circuit comprises g source of
direct current 28, which may be a battery, a

two-pole, two-throw switch 27 arranged to con.
nect the battery 28 alternately to the field coils
12 and 8, and a condenser 28 connected be-

tween the two fleld coils,. When the switch 27

8§ is thrown in one direction, the current flows
from the battery 28 through the field coil 12,

- energizing the fleld magnet 10 and causing mag-
netic flux to flow between the poles {0¢ andg
102 of that magnet, The fiug thus created draws

10 the armature pieces 22 from the positions shown
in Fig. 2 to positions directly between the poles
18c and 18d, thus causing the rotor disc {8 which
carries the armature pieces to rotate one-eighth
of a turn. The direction in which the rotor turns

18 is determined by the location of the shading
colls 4 and (5. As explained above, the flux
arises firsi on the unshaded sides of the poles,
aiig these sides, therefore, exert a stronger initial
attraction or the armature members 22 than
20 the unshaded sides of the poles. The armature

members 22 and the rotor disc will therefore

move from the position shown in Fig, 2 in a

counter-clockwise direction. |
When the switch 27 is thrown in the other

£8 direction, current from the battery 28 wil cease
to fiow through the field coil 12 and will flow
through the other fleld coil 13 energizing the
other field magnet f{. The armature pieces 23
associated with this fleld magnet are now located
30 in the same relation to the poles {fc and {id as
were the armature pieces 22 in relation to the
poles 10c and 10d of the other field magnet. They

- will then be drawn into the position shown in
Fig. 3 directly between the poles, thus rotating

35 the armature pieces 28 and the rotor another

eighth of a turn.
When the switch 27 is thrown from a position
-In which it passes current through the field coil
12 to the position in which it passes current
49 through the other field coil {3, & small pulse of
current will flow through the condenser 28 and
the other field coil 12 in the opposite direction
to that in which the current was going before.
This small pulse of current serves to completely
45 demagnetize the field magnet 10 so that there

will- be no residual attraction between its poles

and the armature pieces cooperating with them.

In a simjlar manner, when the switch 27 is thrown

back to its original position, a condenser 28 will

60 cause a small pulse of current to flow through
the other field coil 13 with a similar result.

From the above, it may be seen that, as the

| switch 27 is thrown alterngtely from one posi- -

tion to the other, the rotor {8 and the armature
865 pleces 22 and 23 connected to it will move one-
eighth of a turn each time that the switeh is
thrown, thus providing & step by step movement
in synchronism with the movement of the switch.
The switch 27 can, of course, be g manusally op-

pUi it may be preferable to make the roton. U erated switch, but ordinarily it wil] be a me-

chanically’ driven switch forming a part of an

apparatus with which the motor is associated.
The form of the invention shown in part in

Fig. 5 is similar to the one shown in Figs. 1 to

85 3 in that it comprises two field magnets acting

alternately on two sets of armature pieces car-
ried on the two sides of a rotor disc and in that

all of these parts, except for the poles of the

field magnets, are identical with the correspond-

70 Ing parts shown in Figs. 1 to 3. In the construc-

tlon shown in Figs. 1 to 3, as may be seen in

~ Pigs. 2 and 3, the inner poles 104 and (18 of the
fleld magnets have the same angular width as the
outer poles {8c and {lc, and both sides of each
5 inner pole 184 or 11d lie In the same axia] planes
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as the sides of the outer pole ch or iic opposed

to it.

The construction shown in Flg 5 dlﬁers from
this in that the inner poles 10e have a greater
angular width than the outer poles i{0c. 'The
extra width of each inner pole {0e is gll on
one side of the pole so that that side of the pole
I0e projects beyond the plane of the correspond-
ing side of .the outer pole 8¢ opposed to it, while
the other sides of the inner and outer poles are
aligned. |

When the poles 10¢ and 10e of the constriuc-

10

tion shown in Fig, 5 are magnetized, lines of

magnetic flux will extend between opposite poles,
and some of these lines will curve out and pass
through the armature pieces 22. However, of
the lines of flux extending between any pair of
opposite poles 16c and 10e, more will pass through
the armature piece 22 located in a clockwise di-

rection from that pair than that through the ar-

mature piece 22 located in a counter-clockwise
direction, because there is g slight overlap be-
tween the inner pole 10e and the armature piece
In & clockwise direction from it. Therefore, the
force tending to pull this armature piece to a
position between the poles will be greater than
the force tending to pull the other armature piece
to that position, and the armature pieces 22 and
the rotor disc and shaft to which they are fixed
will turn in a counter-clockwise direction.

In the construction shown in Fig. 5, the shad-
ing coils 14 and 15 function as in the other forms
- of the invention described above and serve to

make the armature pieces 22, and the parts to

which they are fixed, turn in a counter-clockwise
direction. There are thus two factors, the shad-
ing coils 14 and 15 and the one-sided excess in

angulay width of the inner poles, which supple-

ment each other in making the motor turn in
the desired direction.

While, in the construction shown in Flg 5,
the inner poles 18e gre angularly wider than the
outer poles (08¢, the opposite construction, with
the outer poles angularly wider than the inner
poles, may obviously be used. However, improved
results will not be secured by making both inner
and outer poles wider than in the construction
shown in Figs. 1 to 3 because such poles, when
magnetized, will not cause the armature pieces
22 to move a full eighth of a turn from the as-
sumed starting position and will thus fzil to turn
the rotor to the necessary starting pomtmn for
the next step of its step-by-step rotation.

The form of the invention shown in Fig. 5 is
renerally similar to that shown in Figs. 1 to 3,
but the two stator members or field magnets 10
and {1t are reversed in position so that their poles
are &t the ends of the motor instead of in the
center. The two magnets [0 and {1 are joined
together by a non-magnetic frame member 31,
which separates them slightly and which is
mounted on a base 32 which supports the entire
motor assembly. |
- The ends of the motor are provided with end
caps 39 and 36 carrying bearings 37 and 38 in
which the shait 19 is journaled. The end caps
35 and 36 enclose two rotor discs 33 and 34, each
of which is similar to half of the single rotor disc
I8 In the motor shown in Figs. 1 to 3. FEach of
tite rotor discs 33 and 34 carries a set of arma-

ture pieces 22 or 23 secured on one side and pro-

jecting between the poles of ihe associated field
magnet {0 or (1.

pleces 22 =and 23 to the field magnets {10 ang i1
15 exactly the same as in the form of the inven-

20
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- aXis of the motor.

3

tion shown in Flgs 1 to 3, and the Operatdon of
the motor is also the same and need not be de-
scribed in detail.

In the form of the invention shown in Figs. 6
to 8, the left and right fleld magnets 41 and 42
are each shown as being built up of several
pieces. The left fleld magnet &1 comprises & ¢cen-
tral member 44 and a pole piece 45 joined by an
outer tubular piece 46, the three members 44, 45
and 46 together forming an assembly somewhat
similar to the field maghet 10 shown in Fig. 1,
but having separate poles 45a only upon fthe
outer member 435, as clearly shown in Pig. 7. The
right field maghet 42 is similarly formed of three
pieces 47, 48 and 49, but the inner piece 471 is
formed with a longitudinally extending bore
through which the shaft 53 of the motor extends.
bearings 85 being provided for the shaft. The
field magnets 41 and 42 are made of suitable mag-
netic material and are provided with field coils 51
and 32, and they are joined together by a sleeve
or irame member 43 formed of non-magnetic ma-~

-terial.

The inner end of the shaft 53 carries g rotor
disc 54 upon which is mounted a generally tubu-
lJar shaped armature member 56. Rach end of
the armature member 56 is formed with deep rec-
tangular notches so as to leave spaced armature
portions 56a and 56b between the notches, the
armature portions 56g on one end of the arma-
ture member projecting into the gap between the
central piece 44 and the outer poles 45a of one
field magnet &1, and the armature portions 56b
on the other end of the armature member 56 pro-
jecting into the gap between the central piece 47
and the outer poles 48a of the other field magne’
42.

As may be seen from Figs. 7 and 8, there are
three poles 45a or 48c on each of the cuter pole -
pieces 45 and 48 of the two field magnets, and
there are three armature portions 56a or 56b
on each end' of the armature member 56. The
armature porfions 56a and 56b on the two ends
of the armature member 56 are in line with each .
other, but the poles 4%« on one of the field mag-
nets 42 are angularly offset one-sixth of a turn
from the poles 45a on the other field magnet 41.

The arrangement thus provided is generally sim-

ilar to that described above in connection with
Figs. 1 to 3, except that there are three sets of
poles and cooperating armature portions in each
half of the motor instead of four, and the opera-
tion of the motor will be generally the same, ex-
cept that the rotor 54 and armature 56 will turn
one-sixth of a turn for each current impulse in
the field magnet coils 51 and 52 instead of one-
eighth of a turn.

In the form of the invention shown in Figs. 6
to 8, the direction in which the armature mem-
ber 36 rotates is determined by the shape of the
poles 45a and 48ac and the shape of the armature
portions 36a and 56b rather than by the use of
shading coils. As may be seen in Figs. T and 8,
the sides of the poles 45¢ and 48a¢ and of the

‘armature portions §6a and 56b are not radial,

but lie in planes parallel to and spaced from the
Thus, in Fig. 7, the adjacent
corners of each pole piece #45a and of the arma-
ture portion 56a which lies in a counter-clockwise
direction from it are obtuse. whereas the adja-
cent corners of each pole 45a and of the adjacent

- armature portion 56a which lies in g clockwise.

The relation of the armature -

direction from it are acute. Therefore, more of

the flux passing from each pole 45a to the central
member, 44 of the field magnet will pass through




4

" the armature po:‘r'tio'nk 56a wl:ﬂch is in & clockwise |

direction from it than through the armature por-

tion 56¢ which is in a counter-clockwise direc-

tion from it. The forces tending to pull the
armature portions 56a in a counter-clockwise di-
rection will therefore be greater than the forces
tending to pull them in a clockwise direction,
and the armature- member 56 will turn in a
counter-clockwise direction from the position
shown in Fig. 7 to a position in which each ar-

2,343,325

The poles 65a on the inner eﬁd' of the Other in:her

field magnet member 66 are similarly formed

but the lateral faces of the poles of this member
slope in the opposite direction, as may be seen
in Fig. 9, and the poles of this member 66 are -

- angularly offset with respect to the poles of the

10

mature portion 56a lies directly between one.of
- the poles #5a¢ and the central part 44 of the field

- magnet. This will turn the armature 56 one-
sixth of a turn, and a similar movement will take
place when a current impulse passes through the
other field magnet coil 52. The armature 56 and
- the shaft §3 upon which it is mounted will there-
fore rotate step by step as current is passed al-
ternately through the two field coils 51 and 2.
- The motor shown in Figs. 6 to 8 may be em-
ployed with the same type of circuit, shown in

'~ Fig. 14, that was described above in connection
with the first form of the invention, but, for the .

purpose of illustration, a different circuit has
 been shown .in Fig. 15. In this circuit, each of
the two field coils 51 and 52 are connected to
a, source of alternating current 8f through & rec-
tifier 82 or 83, the two. rectifiers 82 and 83 being
connected in opposite directions so that current
will flow through one rectifier 82 when the alter-
nating current is flowing in one direction and
through the other rectifier 83 when the alter-
‘nating current is flowing in the other direction.
Thus current will flow -alternately in the two colls
.51 and $2. The pulses of current fiowing through
the rectifiers 82 and 83 will always flow in one

30

other member 64. The armature 12 is similarly
formed with three radially projecting armature

portions .T2a, and. the lateral faces of each oif

the armature portions 12a¢ are each divided into.
two parts, each of which is oblique to the axis
of the armature 12 in the same way as the lateral
faces of the poles of the adjacent field magnet.
Thus the armature portions T2a will present
obtuse corners to the obtuse corners of the poles
64a and 65a of the field magnets and will present
acute corners to the acute corners of the poles .
64c and 65a of the field magnets, and the direc-
tion of rotation of the rotor 72 will be deter-
mined in substantially the same way as the di-
rection of rotation of the rotor 54 in the motor
shown in Figs. 6 to 8. As anyone skilled in the
art would realize, the rotor 712, except for mag-

netic armature portions 72a, should be non-mag-

netic, or some other provision made, so that sub-
stantially all of the flux will be forced to follow

the paths directly between and through armature

portions T2a and either set of the pole portions

84a and 66a.

While I have shown and described only five -
forms of my invention, it will, of course, be un-

- derstood that these forms have been disclosed .

30

direction, so the main current flowing through |

the two coils 5f and 52 will be unidirectional.
However, each rectifier 82 or 83 is by-passed by
2 condenser 84 or 85, which permits a small pulse
of current to flow in the opposite direction
through its associated field coil 51 or 52. ' The

~ small pulses of reverse current remove the re-

sidual magnetism from the field magnets so that

‘there will be no tendency to hold the armature
member 56 from making the next step in its
rotation. - |

In the form of the invention shown in Figs.

‘9 to 13, as in the other forms of the invention,
the two field magnets 61 and 62 are joined by

40
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60

- a non-magnetic frame member 63 which holds -

them apart so that there will be no appreciable
magnetic flux flowing from one field magnet 6l

- to the other field magnet 62. The left field mag-

net 61 is formed of a central piece 64 having

three radially extending poles 68a on its inner

end, and an outer piece 65 having an inwardly
directed flange 65a on its inner end. The right
field magnet 62 is similarly formed of inner and

. outer pieces 66 and 67, and each of the two

field magnets is. provided with a field coil 68
or 69. o ~ SRR S

The inner pieces 64 "and 66 of the two field -

.. magnets are spaced from each other, and the
. space thus provided is occupied by the armature

‘claims.

by way of example and that the. invention can
be carried out in many other ways. For ex-
ample; some of the features shown in one form
may be used in another form and various com-
binations of features may be made, such as using
both shading coils and oblique faces on the poles
of the field-magnets. My invention, therefore, is -
limited only by the terms of- the following

I claim: ) | o

1. An electric impulse motor comprising a
rotor having a plurality of magnetized armature
members spaced around the axis- thereof and
similarly located with respect to. said axis, the
two poles of each armature member lying in an

‘axial plane, and a stator having two portions
- including Tace portions located on opposite sides

of one portion of the path of said armature .
members and having a single winding for oppo-

“sitely magnetizing said portions, each of said

portions having one pole for each of said arma- -

- ture members and the poles being arranged in
5% '

pairs lying in the axial planes. S
2. An electric impulse motor comprising &

rotor having a plurality of sets of armature mem-

bers spaced - arcund the axis thereof, a stator

- having a plurality of field magnets each having

60

65

member or rotor 12. . The rotor 72 is carried

“upon a shaft 71 which extends through one of
~ the field magnets 62 and is rotatably supported
by bearings 13.. . - | o -

. As may be seen in Fig. 12, the poles 64c on
the inner end of the inner field magnet member

two pole portions, the two pole portions of each -

field magnet having face portions located at the
sides of one portion of the path of one set of
armature members, each of said field magnets

E having a winding for oppositely magnetizing the
pole portions thereof, at least one of the pole

portions of ‘each of said field magnets having a

- . plurality of poles with an angular spacing cor-

related to that of said armature members, and

0

84 are three in number, and the lateral faces of

~each pole are oblique to the axis of the member.
" Thus the face of each pole 64a next to the arma-
ture has one obtuse corner and one acute corner.

75

the angular spacing between the sets of poles of
different fleld magnets being different from the
angular spacing :between the different sets of
armature members, said motor being so con-
structed and arranged that after the armature

members have been drawn to the position they

tend to assume upon energization of one wind-
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ing, energization of another winding will cause
them to move in a predetermined direction.

3. An electric impulse motor comprising a
rotor having two sets of armature members
spaced around the axis thereof, all of the arma-

ture members of €ach set being similarly located

. With respect to the axis of the motor but the sets
being spaced from each other, and a stator hav-
Ing two field magnets each having two pole por-
tions, the two pole portions of each field magnet
having face portions located at the sides of one
portion of the path of one set of armature mem-
bers, each of said field magnets having a winding
for magnetizing the pole portions thereof, each
of the pole portions of said field magnets hav-
Ing one pole for each armature member of the
- set associated therewith and the angular spacing
between the poles on gne fleld magnet and the
poles on the other field magnet being equal to the
angular spacing between the two sets of armature
members plus half of the angular spacing be-
tween the successive armature members of one
set, said motor being so constructed and ar-
ranged- that after the armature members have
been drawn to the position they tend to assume
upon energization of one winding, energization
of another winding will cause them to move in
& predetermined direction. '_

4. An electric impulse motor comprising a
rotor having a plurality of sets of armsature mem-
bers spaced around the axis thereof, a stator
having a plurality of field magnets each having
two pole portions, the two pole portions of each
field magnet having face portions located at the
sides of one portion of the path of one set of
armature members, at least one of the pole por-
- tions of each fleld magnet having g plurality of
- poles with an angular spacing correlated to that
of said armature members, each of said fleld
magnets having a winding for magnetizing the
pole portions thereof, the armature members
of each set being spaced, with respect to its co-
cperative field pole portions, differently at any
Instant than the spacing of the armature pole
Iaces of any other set with respect to its co-
operative fleld pole portions, and means for
sending current impulses successively through
different windings of said field magnets, said
motor being so constructed and arranged that
after the armature members have been drawn
to the position they tend to assume upon ener-
gization of one winding, energization of another
. winding will cause them to move in & Dredeter-
mined direction. |

9. An electric impulse motor comprising a
rotor having two sets of armature members
spaced around the axis thereof, a stator having
two field magnets, each having two pole portions,
the two pole portions of each fleld magnet hav-
ing face portions located on different sides of
one portion of the path of one set of armature

10
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rotor having two sets of armsature members
spaced around the axis thereof, g stator having
two field magnets, each having two pole portions,
the two pole portions of each field magnet hav-
ing face portions located on different ‘sides of
one portion of the path of one set of armature
members, each of said fleld magnets having a
winding for magnetizing the pole portions there-
of and having a plurality of poles with an angu-
lar spacing correlated to that of said armature

- members, a source of alternating current, and
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members, each of said field magnets having a '

winding for magnetizing the pole portions there-

of and having a plurality of poles with an angu-

lar spacing correlated to that of said armsature
members, a source of direct current, and means

for connecting said source alternately to the

windings of said fleld magnets, said motor being
so constructed and arranged that after the gr-
mature members have been drawn to the posi-
tion they tend to assume upon energization of
‘one winding, energization of another winding

will cause them to move in g predetermined -

direction. | |
6. An electric impulse motor comprising a

65

70

f

tion.

connections from said source to the winding of
each of said field magnets, the connection to.
each winding including a rectifier, and said recti-
lers being oppositely arranged so that current
flows alternately through ssid windings, said
motor being so constructed and arranged that
after the armature members have been drawn to
the position they tend to assume upon energiza-
tion of one winding, energization of another
winding willi cause them to move in a predeter-
mined direction.

7. An electric impulse motor comiprising a
magnetizable cup-like stator member having a
central stem and having spaced opposed poles.
projecting radially in from the rim thereof and
radially out from said stem, a coil on said stem,
& second similar stator member and coil coaxial
with and facing said first stator member ‘and
coil, a rotatable non-magnetic disc coaxial with
and located between said stator members, and
armature pieces fixed to both sides of one portion

of said disc and projecting into the spaces be-

tween the opposed poles of both of said stator
members, the angular spacing of the pairs of op-
posed poles on each stator member and of the
armature pleces on each side of said disc being
correlated, and the poles on one stator member
being angularly offset, with respect tg its co-
operative armature pieces, from the poles on the
other stator member an angular distance equal
to half of said angular spacing, said motor being
so constructed and arranged that after the arina-
ture members have been drawn to the position
they tend to assume upon energization of one
winding, energization of another winding will
cause them to move in a predetermined direc-

8. An electric impulse motor comprising a
magnetizable stator member having coaxial in-
ner and outer longitudinally extending portions
Joined into & magnetic circuit at one end and
having circumferentially spaced poles projecting
from the other end of one of said portions, a
coil on said inner portion, a second similar stator
member and coil coaxial with and facing said

first stator member and coil, and a rotor co-

axial with and located between said stator mem-
bers, said rotor having circumferentially spaced
armature portions positioned to pass across the
lines of magnetic flux between said stator por-
tions as' said rotor turns, the lateral faces of

sald poles and said armature portions being in-
~clined with respect to said lines of magnetic flux.

9. An electric impulse motor comprising a
magnetizable stator member having co-axial in-
ner and outer longitudinally extending portions
joined into a magnetic circuit at one end, said
outer portion having circumferentially spaced
poles projecting towards the end of the inner
portion, a coil on said inner portion, a second
similar stator member and coil coaxial with and
facing said first stator member and coil, and a
rotor coaxial with and located between said

stator members, said rotor having circumferen-
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tially spaced armature portions projecting be-

tween sald inner stator poriions and ssid stator

poles, the lateral faces of said poles and said ar-
mature portichs being inclined with respect to

lines radial to seid axis.

10, An eclectric impulse motor comprising &

magnetizable stator member having coaxial in-
ner and outer longitudinally extending poriions
joined into o magnetic circuit at one end, said in-
ner portion heving circumferentially spaced
poles, & coll on sald inner portion, a second sitni-
lar stator member and coll coaxial with and fac-

ing said fArst stator member and coil, and &
rotor coaxzial with and loceted between the ends

of soid inmer portions snd within the ends of
 said outer portioms, seld rotor having circums-
ferentizlly spoced armsature portions positioned
to form poths for meagnelic flux between said
poles and the ends of sald outer portions, the
circumferentislly facing sides of the two sets
of poles being oppositely inclined with respect
to thie axis of said rotor and the circumferential-

Iy facing sides of said armeature portions being

similezly oppositely inclined at the two sides of
& central radisl piane. | | -

11, An eclectric impulse motor comprising &
field magnet heving two coaxizl pole portions and
s coll for opnositely mognetizing said poie por-
tions, each of said pole portions having circum-
ferentislly spaced poles paired with poles on the
other pole portion, each pelr of poles having
the sides thereof thet face circumferentiaily in
one direction lying in the same axial plane and
having the opposite sides offset from each other,

a second similar field magnet coaxial with the
first feld magnet and spaced axially therefrom,

and & rotor having two sets of srmature Miembers
fized thereto, egch of sald sets of armatiure
members projecting between the poles of one of

said field magnets, the angular spacing of said

armature members and sald poles being cor-
related and the angular relation of the two sets
 of armature members and the poles of the two
field magnets being such that. the armature
members of one set lic directly between the poies
of one field magnet while the armature members
of the other set ilie-half

positions. - |
- 12. A meagnetic-electric device, comprising &

rotor including a disk of non-magnetic material
and having a plurality of armature members of
magnetic material carried thereby and spaced
around the axis therecf the space annularly
therebetween being non-magnetic, and a stator
having two face porticns located at the sides
of one portion of the path of said armature mem-
bers and having a winding for oppositely mag-
netizing said portions, at least one of sald stator
portions having & plurality of poles with an an-
gular spacing correlated to that of sald arma-
ture members. | .
13. An electric impulse motor comprising

magnetizable cup-like stator member having a
central stem and having spaced opposed poles
projecting radially in from the rim thereof and
radially out from said stem, a coil on sald stem,
a second similar stator member and coil coaxial
with said first stator member and coil, a rotatable
non-magnetic disc coaxial with and located be-
tween said stator members, and permanently
‘magnetized armature pleces fixed to both sides
of said disc and projecting into the spaces be-
tween the opposed poles of both of said stalor
‘members, sald motor being sc constructed and
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been drawn to the position they tend to assume
upon enecrgizetion of one coil, energization of
another colf will cause them to move in a pre-

. determined direetion..

14, A meagnetic-electrical device including a
rotor having a plurality of sets of circumferen-
tially spaced armature members thereon, the
ancular spacing of circumferentially adjacent
members being substantially uniform through-
out, angd stator means including megnetic means
forming msgnebic circuits through each of said
sets, the magnetic means in each path inciuding
pole portions forming an air gap therebetween
in which one of said sets rotates, and at least
one of the pole portions adjacent each set being
sib-divided into separate poles having an an-
gular spacing correilated to that of the armature
portions, the anguiar relationship between the
sete and the poles adjacent thereto being such
thet when one set Hes closest to its adjacent
poles, the other armeature members considered
collectively lie approximately midway between
their ceoperstive poles circumferentially; and
coil means surrounding s portion of each mag-
netic circuit to cooperate with the rotor and
spaced poles in saig circuit; & part of each of
said magnetic circuits being formed of & per-
manent megnet, .

- 15. A magnetic-electrical device including a
rotor having g plurality of sets of circumferen-

. tielly spaced srmature members thereon, the

36

angular spacing of circumferentially adjacent
members being substantially uniform through-
ouf, and stator means including magnetic means
forming meagnetic circuits through each of said
sets, the magnetic means in each path including
pele portions forming an air gap therebetween
in which one of said sets rotates, and at least

- one of the pole portions adjacent each set being

40

43

way between two such
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sub-divided into separate poles having an anguiar
spacing correlated to that of the armafure por-
tions, the angular relationship between the sets
and the poles adjacent thereto being such tha!
when one set lies closest to its adjacent poles, the
cther armatiure members considered collectively
lie approximately midway between their coop-
erative poles circumferentially; and coil mesans
surrounding & portion of each magnetic circuit
to cooperate with the rotor and spaced poles in

- said circuit. -

. 16. A meagnetic-electrical device including a

rotor having a plurality of sets of circumferen-
tially spaced armature members thereon, the
angular spacing of circumferentially adjacent

6% members being substantially uniform through-

out, and stator means including magnetic means
forming magnetic circuits through each of said
sets, the magnetic means in each path including
pole portions forming an air gap therebetween in
which one of said sets rotates, and at least one
of the pole portions adjacent each set being sub-
divided into separate poles having an angular
spacing correlasted to that of the armature por-

 tioms, the angular relationship between the sets

and the poles adjacent thereto being such that
when one set Hes closest to its adjacent poles, the
other armature members considered collectively
lie spproximsately midway between their cooper-
ative poles circumferentially; and coil means sur-
rounding the rotor axis and a portion of each
magnetic circuit to cooperate with the rotor and
spaced poles in sald circuit. f

17. An electric impulse motor comprising a
roter having a plurality of sets of armature pole

arranged that after the armature members have 78 faces spaced around the axis thereof, & stator




of said armature pole faces, each of said field
- magnets having a winding for magnetizing the
pole portions thereof, the armature pole faces
set being spaced, with respect to its co-
operative field pole portions,
instant than the Spacing of the armature pole
faces of any other set with respect to its cooper-
ative field pole portions, and means for sending

differently at any
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15

~current impulses successively through different

magnets, said motor being
SO constructed and arranged that after the arma-
ture members have been drawn to the position
they tend to assume upon energization of one
winding, energization of another winding wil
in a predetermined direction.
impulse motor comprising a
rotor havying a plurality of sets of armature
- Pole faces spaced around the axis thereof, a stator
having a plurality of field
two pole portions, the two _
field magnet having face portions located at the
sides of one portion of the path of one set of
armature pole faces, at least one of the pole por-
~lions of each field magnet having g plurality of

~ of any other set with respect to its 'cooberative

field pole portions,

impulses successively through different
of said field magnets, and
air gaps between t_he poles

windings
shading coils adjacent
and face portions and

means for sending current.
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. stator meang including
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- on ohe side of said gap.

- between their cooperative
~tally; and coil means Surrounding a portion of

4

part of the magnetic path

19. A magnetic-electrical device including a
heving a plurality of sets of circumferen-
ticlly spaced armature pole faces thereon, and
stator means Including magnetic means forming
magnetic circuits through each of said sets, the
magnetic means in each path including pole por-

when one set Jies
the other pole faces
considered collectively lie approximately midway
Poles circumferen-

poles in said circuit, a part of each
of said magnetic circuits being formed of a per-
manent magnet. -

20, A magnetic-electrical device including g
rotor having a plurality of sets of circumferen-
tially spaced armature pole faces thereon, and
magnetic means forming

magnetic circuits through each of said sets, the

into separate poles having an angular spacing
correlated to that of the pole faces, the angular
relationship between the sets and the poles adja-
cent thereto being such that when one set lies
closest to.its adjacent

and spaced poles in said circuit,
| EMIL L. RANSEEN.
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